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Abstract. Many frogs lay their eggs in water; the devel-

opment of these frogs is well-known. However, many frogs

reproduce on land: their eggs are large and have an altered

early development. As examples, Gastrotliecu riohambae

broods its embryos in a pouch on the mother's back, and

Eleutherodactylus coqui exhibits direct development with

no tadpole stage. We provide practical information on

obtaining eggs and embryos from these terrestrial-breeding

species and on analyzing their development. Our aim is

to make these species more accessible to researchers who

are interested in the developmental and evolutionary

consequences of terrestrial development.

Introduction

Our view of frog development is colored by the fact

that most scientists work in the temperate climates of Eu-

rope, Asia, and North America. Weexpect frogs and other

anuran amphibians to lay their eggs in water, to develop

first into tadpoles, and to metamorphose later into adults.

A number of anurans, particularly those found in the

tropics, do not follow this life history (Lamotte and Les-

cure, 1977; Duellman and Trueb, 1986). Some anurans

lack a free-living tadpole and develop directly to an adult

morphology. Many anurans develop entirely on land and

brood their embryos in such diverse places as the oviduct,

a back pouch, the stomach, or the male's vocal sac. Given

these terrestrial life histories, the name "amphibian" might

Received 1 June 1990: accepted 27 July 1990.

not have been applied to this class had taxonomy begun
as a tropical science, and our view of frog development

might be totally different.

Anurans with terrestrial development generally have a

small number (1-1 50) of very large eggs (3-10 mm), which

differ in various aspects of development from typical an-

urans. Developmental biologists have noticed only a few

of these animals including Gastrotheca riobambae, Flec-

tonotits pygmaeus. and Eleutherodactylus coqui. Gastro-

theca riobambae is an egg-brooding frog from Ecuador.

The female incubates the eggs in a pouch on her back,

and the young are born as advanced tadpoles. Flectonotus

pygmaeus. from Venezuela, exhibits multinucleate oo-

genesis. The early oocytes have up to 2000 nuclei, of which

all but one disappear (del Pino and Humphries. 1978).

Eleutherodactylus coqui, from Puerto Rico, exhibits direct

development. The large eggs are brooded on land by the

male (Townsend et al, 1984), and the froglets hatch after

about three weeks.

Developmental studies to date have concentrated on

oogenesis and early development in G. riobambae and F.

pygmaeus (del Pino and Humphries, 1978; del Pino and

Escobar, 1981; Elinson and del Pino. 1985; del Pino et

a!.. 1986; del Pino, 1989) and on organ formation and

direct development in E. coqui (Lynn, 1942; Lynn and

Peadon, 1955; Adamson et al., 1960;Chibon, 1962; Elin-

son, 1990). Our discussion of these animals will reflect

this bias, as we describe how to obtain and work with

adults and embryos of G. riobambae, F. pygmaeus, and

E. coqui.
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Gastrotheca riobambae and Other

Egg-Brooding Frogs (Hylidae)

Collection and maintenance*

Sites of collection. The majority of egg-brooding frogs

inhabit the humid forests of northern South America, have

very limited distribution ranges, and are rarely found

(Table I). Species of Gastrotheca that inhabit the highlands

of the Andes, however, occur in large numbers and are

more easily collected. We will mostly discuss G. riob-

ambae. the species with which we have extensive expe-

rience, and will make reference to G. plumbea and F.

pygmaeus, which we have also maintained in captivity.

Gastrotheca riobambae occurs in the interandean val-

leys of northern Ecuador at altitudes of 2500-3200 m
(Duellman and Hillis. 1987). Frogs are found along the

banks of irrigation ditches and under stones in humid

areas, as well as sitting on vegetation. This frog gives birth

to tadpoles that develop in temporary pools and lakes.

The free-living tadpole stage lasts several months. The

large tadpoles of G. riobambae (around 70 mmtotal

length) are the only amphibian larvae that exploit the

standing bodies of water in the highlands of northern

Ecuador.

Gastrotheca plumbea lives in cloud forests at elevations

of 1300-2350 m on the Pacific slopes of the Andes in

Ecuador (Duellman and Hillis, 1987). Both adults and

young are found in axils of large bromeliads. Gastrotheca

plumbea exhibits direct development, which means it

lacks a free-living tadpole stage.

Flectonotus pygmaeus lives in axils of bromeliads, in

the cloud forest at Estacion Biologica de Rancho Grande,

Maracay, Venezuela. This frog gives birth to advanced,

1 South American wildlife is protected by law. Investigators interested

in the collection of these frogs should check with the appropriate au-

thorities in the country where they wish to work. Permission for the

collection and export of frogs from Ecuador is given by the Director,

Direccion de Desarrollo Forestal, Ministerio de Agriculture, Quito. Ec-

uador. A proposal, written in Spanish, should be sent several months in

advance to the above address with a copy to the collaborating investigator

or institution in Ecuador. It should be accompanied by the curriculum

vitae of the investigator and a letter of support from the researcher's

home institution. Duplicate collections must remain in Ecuador, usually

at the Museo de Ciencias Naturales. Casa de la Cultura Ecuatoriana,

Quito, Ecuador, or at the collection of one of the universities. To obtain

permits, visiting scientists are required to give lectures about their work
at the Museo de Ciencias Naturales or at the collaborating institution.

Upon completion of the work, a report and copies of published works

should be sent to Direccion de Desarrollo Forestal and to the collaborating

institutions. Upon arrival in Quito, investigators are advised to visit the

Direccion de Desarrollo Forestal as soon as possible to get their permits.

Investigators interested in /'. /n-t,'imicn.\ are advised to check with the

Estacion Biologica de Rancho Grande. Maracay, Venezuela. A permit
for collection is required from the Estacion Biologica de Rancho Grande,

and permits for export are obtained from the Oficina de Fauna, Ministerio

de Agriculture y Cria. Caracas, Venezuela.

Table I

Geographic distribution of egg-brooding lrdt>.\

Approximate
Genera of egg- number of

brooding frogs species
3

Distribution
3

WITHOUTPOUCH

Andes and Sierra Nevada de Santa

Marta, Colombia

Panama. Pacific slopes of

Colombia and northwestern

Ecuador: upper Amazon Basin

in Brazil. Ecuador. Peru and

Bolivia"

Highlands of the Guyana Shield in

Venezuela and Guyana'

MARSUPIALFROGS

Coastal Cordillera of northern

Venezuela. Tobago and

Tnnidad d

3 Mountains of Southeastern Brazil

(Guanabara, Minas Gerais, Rio

de Janeiro. Sao Paulo)
d

4 1 Panama, northern and western

South America, southward to

northern Argentina, east and

southeastern Brazil

Cryptobatrachus

Hemiphractus

Slefanui

Flectonotiu

Frilziana

Gastroiheca

' Duellman (1977).
h

Trueb(1974).
c Duellman and Hoogmoed ( 1984).
d Duellman and Gray (1983).

non-feeding tadpoles that complete metamorphosis in

about a week. The tadpoles are deposited in the water

collected in axils of bromeliads (Duellman and Maness,

1980).

Terraria for laboratory maintenance. Our terraria for

maintaining Gastrotheca and Flectonotus consist of

wooden frames, 60-80 cm in length by 40 cm in width

and 40-50 cm in height, with side walls of plastic mesh.

The floor and the roof are made of wood. The roof has a

large door, that fits tightly, and measures about half the

length of the terrarium. Terraria of glass and of plastic

are also used. In those cases, the cover is made of plastic

or metal mesh to allow gas exchange.

The number of frogs per terrarium varies according to

frog size. We keep about 8-10 adults of G. riobambae,

4-5 adults of the larger G. plumbea, or 12 F. pygmaeus

per terrarium. Gastrotheca riobambae have been kept for

up to five years, with reproduction occurring about once

a year. Gastrotheca plumbea and F. pygmaeus have been

kept for about two years, but their reproductive cycle and

lifespan are not known.

Inside terraria we place large plastic trays with earth to

cover the floor completely. Stones and hollow pieces of
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brick provide frogs with hiding places, and branches serve

as perches. One or two small containers with water (about

5 cm in depth) are provided with stones to give support

to the frogs. Each terrarium contains one or two small

pots planted with Tradescantia. This plant grows easily

and soon covers the terrarium. In addition, a bromeliad

is planted, when available. Bromeliads with thorny leaves

produce wounds in frogs and are not recommended. Ter-

raria are placed near windows where there is ample sun-

light and are kept moist by watering at least twice a week.

Terraria are kept at 17-23C. In native habitats of G.

riobamhac, the temperature fluctuates between 5C at

night to 23C at midday.
Favorite hiding places for both G. riohambac and G.

plumbea are the cavities under stones and bricks and in

axils of bromeliads. In addition, they hide in the crevices

between plastic trays and the terrarium walls as well as

under the vegetation. Flectonotus pygmaeus perches in

axils of bromeliads and on the vegetation. Frogs bask in

the sun and may remain in the same place for several

days. Frogs are in the water often, so water must be

changed frequently.

Wehave not tried terraria of larger height. However,

Zimmermann ( 1983) described taller terraria with several

vegetation levels and high humidity for the maintenance

of tropical frogs. Those terraria have a frontal glass door

and might be useful for maintaining large arboreal species

of egg-brooding frogs.

Feeding. Adult G. riobambae are fed two to three times

a week. The easiest, most efficient food consists of sowbugs

(Porcellio sp.) or meal-worm larvae (Tenebrio mol/itor),

mixed with small pieces of dry dog food. Food is placed

in shallow plastic containers ( 1.5-2 cm in depth) and is

always given in the same place. Meal worms remain in

feeding containers and in this way, frogs learn to eat dry
food when capturing prey.

Wehave maintained G. riobambae successfully on only

a sowbug diet; however, sowbugs become scarce in dry
weather. To avoid food scarcity, feeding alternately with

sowbugs or meal-worms and dry dog food gives excellent

results. Dog food provides the frogs with carbohydrates,

lipids, vitamins, and minerals. Outside the feeding con-

tainers, frogs ingest dirt from the terrarium floor with their

prey and may obtain needed trace elements; frogs raised

without dirt become weak. This diet is also well accepted

by G. plwnbea. Flectonotus pygmaeus is fed once or twice

a day on large Drosophila caught from the wild. Small

sowbugs and meal-worm larvae were not tried, but could

probably be given successfully to these frogs.

Newly metamorphosed G. riobambae readily accept

small meal-worm larvae, and this type of food is a key to

successfully raising these frogs when used in combination

with other small prey items. Wemix larvae with dry dog
food in very shallow plastic containers. Newly born G.

plumbea have been raised successfully on the same diet

given to young G. riobambae. In addition, young G.

plumbea were fed large Drosophila caught from the wild.

Juvenile G. riobambae and G. plumbea reach the adult

stage 8-12 months after metamorphosis. Newly meta-

morphosed F. pygmaeus are quite small, and we have had

no success in raising them. Very small meal-worm larvae,

which are readily accepted by other species, were not tried

on F. pygmaeus.

Amplexits anil birth. Before amplexus, G. riobumbae

males call frequently. Amplexus occurs on land and it

lasts for 24-48 h before egg-laying begins. Egg laying lasts

about 6-8 h. During egg laying, the male introduces his

feet inside the female's pouch. As each egg leaves the fe-

male's cloaca, the male catches it with his heels and toes

and moves it inside the pouch, the opening of which is

about a centimeter anterior. In this way, eggs do not touch

the ground. Eggs leave the female's cloaca, one at a time,

at intervals of 30-60 s. A few eggs are lost and remain in

the soil at the end of amplexus. Fertilization probably
occurs during the egg's journey from the female's cloaca

to the pouch.

After amplexus, the female places herself tight against

the cavity of a stone or other object, probably to help in

pouch distension and in the arrangement of embryos in

one or two even layers (del Pino el ai, 1975). Incubation

of embryos lasts a mean of 100 days, during which time

the wet weight of embryos increases three-fold, while the

dry weight remains constant (del Pino and Escobar, 1981).

At birth, the total weight of embryos equals one third to

one half the weight of the female. Females become so

swollen with embryos that their movements are greatly

reduced.

At birth, the female enters the water, introduces the

long toes of her hind legs inside the pouch, and aids in

the removal of tadpoles. She supports herself with her

front legs against the walls of the water container or against

a stone. Tadpoles at birth measure 18-20 mmin total

length (del Pino el at., 1975).

In captivity, amplexus ofG. riobambae occurs between

September and February, the period with heavier rainfall

in Quito. Sometimes frogs mate in June. These periods

seem to coincide with times when most reproduction oc-

curs in nature; however, females with embryos can be

collected throughout the year. By administering human
Chorionic Gonadotropin (hCG) to male and female frogs,

described later, amplexus and reproduction can be ob-

tained in captivity at any time of the year.

Amplexus in G. plumbea also occurs on land, but details

have not been documented. Incubation lasts about 120

days (del Pino and Escobar, 1981). At birth, the mother

actively aids in the elimination of offspring by stretching

the opening of the pouch and digging young out of the

pouch with her hind feet, as in G. riobambae (Duellman
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and Maness, 1980). Brooding females have been found

in June and July, and frogs in captivity gave birth in Sep-

tember (Duellman and Maness, 1980). Amplexus and

birth for F. pygmaean have been described by Duellman

and Maness (1980). Amplexus occurs on land, and at birth

the female deposits larvae in water. Embryos were incu-

bated for 29 days in captivity (del Pino and Escobar, 198 1 ).

The breeding season off", pygmaeus at Estacion Biologica

de Rancho Grande spans from April until early Novem-

ber, the time of the year with the heaviest rainfall (Duell-

man and Maness. 1980). We have not tried hormonal

stimulation of reproduction in 6'. plumhea or F. pyg-

miu'its. but both species have mated spontaneously in the

laboratory.

Care of tadpoles. The extensive use of pesticides and

urban growth have diminished the populations of G. riob-

ambae, so frogs must be collected from remote localities.

To ensure a supply of frogs, we have developed methods

for raising frogs from tadpoles.

Tadpoles are best maintained in large tanks with at

least one cubic meter of water, a depth of 30-50 cm, and

a temperature of 17-21C, without changes of water.

Tanks are provided with stones as hiding places, a large

plant (Cypemceae) whose roots, floating stems, and leaves

provided places for tadpoles to sit near the water surface,

and a few branches of Elotiea. These tanks support an

abundant population of algae and protozoans that become

the main constituent of the tadpole diet. About 70-100

tadpoles are raised per tank. Little or no cannibalism is

observed, and tadpoles grow normally, even when newly

born tadpoles are placed with older ones.

Tadpoles of G. riohamhac are voracious eaters. The

easiest, most effective diet has been small pieces of dry

dog food or rabbit food given once or twice a week, sup-

plemented by the algal growth in the tanks. Care should

be taken not to contaminate the water with too much

food. Tadpoles reached 70 mmtotal length before meta-

morphosis, at about 3 months after birth. Frogs measured

18-25 mmsnout-vent length, looked healthy, and sur-

vived after metamorphosis.

Tadpoles have also been kept in small glass and plastic

aquaria of 10-20 liters capacity. Without a stable popu-

lation of algae, the water becomes contaminated and re-

quires weekly changes. In some instances, aquaria were

aerated by means of an aquarium pump, but we found

no advantage in aeration. Tadpoles of G. riobambae have

well-developed lungs by the time of birth and take oxygen

from air. Population densities in aquaria correspond to

1-3 tadpoles per liter of water. Higher densities result in

cannibalism and early metamorphosis. Under crowded

conditions small tadpoles, 50-60 mmtotal length, reached

metamorphosis in only 40 days at 1 8C. The newly meta-

morphosed frogs were small (10-15 mmsnout-vent

length), extremely weak, and often died at metamorphosis

or soon thereafter.

We have tested a variety of other diets for tadpoles.

Diets included cooked and raw meat: cooked lettuce,

chard and spinach; chicken feed hardened with agar. egg

yolk from cooked eggs, and fish food for aquaria (Tetra-

min, Tetra Werke, 4520 Melle, Federal Republic of Ger-

many). Of these diets, fish food is the best, followed by

chicken feed hardened with agar.

Fleclonotus pygmaeus produces about six advanced

tadpoles per breeding season. In the laboratory, tadpoles

have been kept in shallow water containers. These tadpoles

do not eat and only need 2-4 weeks of aquatic living to

reach metamorphosis (Duellman and Maness. 1980).

Maintenance at lower altitudes. The habitat of G. rioh-

amhae is the high montane environments in northern

Ecuador (2500-3200 maltitude). Atmospheric pressure,

oxygen availability, length of daylight, and amount of

sunlight as well as temperature of the G. riobambae habitat

differ from the conditions of most laboratories where

studies on development are conducted. Change in altitude

and temperature often result in frog death. Wehad the

experience of raising G. riobambae at the aquaria of the

German Cancer Research Center in Heidelberg, Federal

Republic of Germany. Most female frogs that were in-

cubating embryos died a few days after arrival, but one

frog gave birth successfully and provided us with tadpoles,

from which we obtained a supply of frogs.

Tadpoles were raised in small glass aquaria at a density

of three tadpoles per liter. Aeration was provided with

aquarium pumps. Tadpoles were fed fish food (Tetramin)

and cooked lettuce and attained the normal length of

about 70 mmbefore metamorphosis, about one month

after birth. Newly metamorphosed frogs ate flies and small

crickets readily. Eight months after birth, frogs reached

adult size and began to sing. Adult frogs were maintained

in terraria as previously described. Temperature was ad-

justed to 17-18C and the light regime was a 12-h light/

dark cycle. Frogs were fed adult house-flies and medium-

size crickets, which were often dusted in powdered vita-

mins and minerals, Osspulvit (Zimmermann, 1983), to

supplement the diet. Amplexus was observed on several

occasions; however, egg laying did not occur.

Accelerated development has been reported previously

at lower altitude. In Holland, Hoogmoed( 1967) obtained

metamorphosis of G. riobambae tadpoles in 41 days after

birth at a temperature of 21-26C. In contrast, tadpoles

normally require several months of aquatic living to reach

metamorphosis in Quito. Water temperature as well as

the change in altitude should be factors involved in the

differences observed.

We induced amplexus and reproduction by adminis-

tering hCG intraperitoneally to both male and female

frogs, as described later. Amplexus and fertilization oc-
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curred normally. Eggs began to cleave, but died at around

the time of gastrulation. Lower altitude seems to affect

the physiological condition of frogs and may affect the

quality of eggs. For instance, the induction of oocyte mat-

uration by progesterone /// vitro, took 10 h longer in San-

tiago de Chile than in Quito (de Albuja cl al.. 1983). Au-

ber-Thomay and Letellier (1986) obtained regular and

spontaneous reproduction of G. riobambaeio France. In-

cubation took 41-74 days, but half of the eggs from 10

frogs failed to develop. In contrast, 75-108 days of in-

cubation are needed in Quito, but almost all of the eggs

(99.4%) developed (del Pino and Escobar, 1981). Our ex-

perience, and that of others, indicate that successful re-

production, as it happens in Quito, is rare at lower alti-

tudes.

Oogenesis, fertilization, and the culture of embryos

Analysis of oogenesis. Egg-brooding frogs have syn-

chronous oogenesis, which means that only one batch of

oocytes grows in the ovary at one time (del Pino ct al..

1986). Full-grown oocytes are the largest documented

among anurans, reaching 2.5-10 mmin diameter, de-

pending on the species (Table II). Their volume is pri-

marily due to yolk, and oocytes of G. riobambae actually

have less rRNA than oocytes of Xcnopus laevis. which

are
'/, h th the volume (del Pino et al., 1986).

In some species of egg-brooding frogs, oocytes contain

many nuclei (4-2000 nuclei depending on species) during

the previtellogenic period (Table II; del Pino and Hum-

phries, 1978). At vitellogenesis, only one nucleus remains

as the oocyte's germinal vesicle while the rest degenerate.

This type of oogenesis is called multinucleate oogenesis

(del Pino and Humphries. 1978). and unfortunately, the

analysis of it is limited by the availability of frogs. Mar-

supial frogs with multinucleate oocytes are mostly large

frogs (Table II) that live in cloud and humid forests and

are rarely found. The most accessible species encountered

so far is F. pygmaeus.
To study oogenesis, ovarian pieces are removed from

the body cavity of the frog or tadpole and are placed in

modified Barth Solution (MBS) (Gurdon. 1968), am-

phibian Ringer's, or in other amphibian saline solutions.

MBS contains 88 mMNaCl, 1 mAl KC1, 2.4 mA/
NaHCO3 , 0.82 mMMgSO,, 0.33 mMCa(NO3 ) 2 , 0.41

mMCaCl : , 10 mg/1 each benzylpenicillin and strepto-

mycin sulphate and 2 mA/ Tris-HCl (or 10 mA/ Hepes),

pH 7.6.

Methods for the cytological observation of germinal

vesicles in mono- or multinucleate oocytes of egg-brooding

frogs do not differ from those used with other amphibia

(Macgregor and del Pino, 1982). The large amount of

yolk stored in large oocytes, however, is bothersome for

cytology as well as for the extraction of nucleic acids.

Fixation of oocytes for cytological studies needs to be

modified due to the yolk content of oocytes. It is important

to increase the volume of fixative and the length of fixation

times. Smith's fluid (Rugh, 1965) is our fixative of choice

for paraffin and plastic sections. One or two yolky oocytes

of 6'. riobambae are fixed in 10-20 ml of Smith's fluid

for 12-24 h in the dark, washed in distilled water with

several changes for 24 h, and stored in 4% neutralized

formalin until processing. Yolky oocytes fixed in Smith's

are particularly easy to section, when embedded in par-

affin. Material embedded in plastic resins, like JB-4 (Poly-

sciences), provide better resolution than paraffin sections.

Small oocytes, taken from large tadpoles and newly

metamorphosed frogs, can be processed for electron mi-

croscopy according to standard methods. Large, yolky

oocytes should be cut into smaller pieces during glutar-

aldehyde fixation to allow better penetration of fixative.

Thick epon sections (0.5-1 ^m thickness) of oocytes, fixed

in glutaraldehyde and postfixed in osmium tetroxide, can

be used for light microscopy. Sections are placed on a

drop of water over a clean slide and, after drying, are

mounted with immersion oil for light microscopy (del

Pino ct til.. 1986).

The study of nucleic acids in large oocytes of G. riob-

ambae is affected by the amount of yolk. The volume of

working solutions needs to be increased 10 times in com-

parison to A', laevis oocytes due to the large oocyte volume.

Nucleic acids cannot be totally cleaned from yolk con-

taminants without losing small RNAmolecules (del Pino

ci til.. 1986).

The large size of oocytes in egg-brooding frogs is, at

first, attractive for microinjection experiments. There are,

however, several limitations. The small number of eggs

and oocytes per female (Table II) prevent their extensive

use. Eggs are uniformly pale, and the animal pole cannot

be easily distinguished, a limitation when microinjection

into the germinal vesicle is desired. Large egg size is due

to yolk content, and the germinal vesicle of G. riobambae

oocytes is equivalent in size to the germinal vesicle of A".

laevis oocytes (del Pino et al.. 1986). Microinjection into

oocytes and eggs of G. riobambae is further complicated

by their high internal pressure. Oocytes and eggs often

burst after microinjection, although this can be prevented

by injecting oocytes kept in a humid chamber or in 5%
Ficoll in an amphibian saline. The easily available oocytes

of A', laevis provide superior material for microinjection

experiments.

Hormonal induction of oocyte maturation, ovulation,

and mating in G. riobambae. Large oocytes within the

ovarian follicle can be induced to undergo germinal vesicle

breakdown (GVBD) in vitro by exposure to hCGor pro-

gesterone. In contrast, oocytes denuded from the follicular

wall undergo GVBDonly in response to progesterone.

Treatment of ovarian follicles with hCG results not only
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Table II

s and development <>l egg-brooding frogs

Snout-vent

length of

Frog species
a female (mm)
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in GVBDbut also in ovulation (de Albuja el ai. 1983).

The responses of G. riobambae oocytes to these hormones
are equivalent to A', laevis and suggest that there are similar

mechanisms for the conversion of an oocyte into an egg.

The time of the response is longer in G. riobambae. The

large oocytes of G. riobamhac need an exposure of 1 5-

24 h to progesterone to undergo GVBDcompared to 6-

8 h for A", laevis oocytes (de Albuja et a/.. 1983).

To induce ovulation, female G. riobambae are injected

intraperitoneally with hCG. The amount given ranges
from 200 to 1000 IU of hCG, administered in one or two
doses at 6-24 h intervals. Ovulation and egg release oc-

curred 29-76 h after hormone injection (de Albuja et ai,

1983). When a female injected with hCG is placed in a

terrarium with male frogs, amplexus and mating occur

readily. In some instances, the male was simultaneously
stimulated by the intraperitoneal injection of 200-500 IU
of hCG. Hormonal stimulation of amplexus and mating
in G. riobambae greatly facilitates the study of reproduc-
tion in this frog.

The maternal pouch as an indicator of the female's re-

productive condition. The pouch of G. riobambae is a sac

of integument located on the back of the female, under

the dorsal skin. The pouch is essentially independent from

the skin, except at the aperture, where it is continuous

with the dorsal skin. Pouch integument of frogs that are

not incubating embryos is similar to frog skin. It differs

from skin by the presence of abundant mucous glands,

fewer serous glands, and the lack of keratinization of the

epithelial layer (Jones et a/., 1973; del Pino et a/., 1975).

The pouch of G. riobambae opens in the midline of

the female's back and the aperture has an inverted V or

U shape. The pouch can be open or closed according to

the reproductive condition of the female (Fig. 1). The

pouch of females with small ovaries is open; it closes when
ovaries are large and the female is ready for reproduction,
and it remains closed during the period of embryonic in-

cubation. The pouch opens again at birth (del Pino, 1983).

The condition of the pouch aperture provides an impor-
tant parameter for the selection of female frogs that can

reproduce readily. The dose of hCG needed to stimulate

amplexus and mating in frogs with a closed pouch is

smaller than that in frogs with open pouches. Similarly,

oocytes of frogs with closed pouches require shorter pe-

riods of exposure to progesterone to undergo GVBD(de

Albuja et a/., 1983; del Pino, 1983).

Incubation of embryos results in great distension and
attenuation of the pouch in G. riobambae. The pouch,
which originally occupied a small portion of the female's

back, increases in size during incubation until it occupies
the entire back and sides of the body. During the first

weeks of incubation, the walls of the pouch become highly

vascularized and grow between embryos, forming parti-

tions that tightly envelop each embryo in a vascularized

Figure I. The pouch on the hack of a Gastrotheca riobambae female,

a. When the female is not incubating embryos, the pouch has an inverted

V-shaped opening with smooth borders, b. When the female is ready to

ovulate or is incubating embryos, the pouch closes with the borders

touching except at the posterior end. (From del Pino, 1983.)

chamber. Embryos, in turn, develop disk-shaped gills, the

bell gills (Noble. 1927), that envelop the growing embryo
in a vascularized gill sac.

Fertilization. Fertilization in G. riobambae, G. p/iim-

bea, and F. pygmaeus is external, but it does not occur

in water as in most frogs. Eggs are fertilized during the

journey from the female's cloaca to the pouch, as already
discussed. Since the requirements for in vitro fertilization

are unknown, we depend on normal mating of frogs to

obtain fertilized eggs.

When testis of G. riobambae are macerated in full

strength MBS, sperm cells show little motility, but remain

alive. Saline solutions of low ionic strength (like 10% MBS)
do not trigger sperm motility. Such media, in fact, result

in rapid swelling and bursting of sperm. Xenopus laevis

sperm, in contrast, swim actively in solutions of low ionic

strength before dying (Wolf and Hedrick, 1971). The ex-

perience of mixing both gametes for in vitro fertilization

has, so far, been unsuccessful. The length of time needed

for the process and the possible requirement of pouch
secretions to activate sperm are factors that need to be

considered for an in vitro fertilization method.

Culture of embryos. Embryos of G. riobambae can be

removed from the pouch without affecting the mother or

the development of other embryos in the pouch. Embryos
are removed with a wide probe or a blunt pair of forceps.

With frequent removal of embryos and handling of the

frog, some embryos die and desiccate in the pouch. Dead

embryos do not affect the development of the brood.

Gentle handling of the frog with a piece of wet cloth helps

to avoid desiccation, and many embryos survive in the

pouch. In F. pygmaeus, the borders of the pouch are firmly

sealed. Removal of embryos breaks the seal, but the re-

maining embryos will continue to develop.

During early stages of incubation, removal of embryos
is easy. Newly fertilized eggs can be obtained by slight

pressure on the female's back in G. riobambae. Later,

with the development of embryonic chambers, pouch tis-

sue adheres firmly to the jelly capsule of each embryo,
and the capsule and bell gills can be ruptured during re-

moval of embryos. Dipping the tip of the probe in MBS,
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before insertion into the pouch, helps in the clean sepa-

ration of pouch tissue from embryos.

Segmenting eggs and early embryos of G. riobambae

die in saline solutions of low ionic strength (e.g., 10%

MBS), but survive in full strength MBSor other amphib-

ian salines. Advanced embryos (del Pino/Escobar stages

20-25) survive in solutions of high and low ionic strength

(del Pino ct til.. 1975). The tolerance of advanced embryos
to low salt concentration is a preparation for the free-

living tadpole stages.

For //; vitro culture, segmenting eggs and early embryos
are placed in 5% Ficoll in an amphibian saline. Embryos
at the onset of cleavage have been cultured for 20 days in

a tissue culture well filled with the above solution. Ficoll

prevents swelling, which occurs in saline solutions and

which inhibits gastrulation and leads to bursting. Cultur-

ing in Ficoll permits observations of blast ula and gastrula

stages. Successful culture of cleavage stage embryos was

also accomplished by placing embryos in MBSafter re-

moving them from the pouch and transferring them to

2-ml wells of disposable tissue culture plates with a 10 /ul

drop of MBS. The amount of liquid around the embryo
should be very small. The well is then filled with mineral

oil. Once or twice a week, embryos are washed in a large

dish with MBSto retard fungal growth, although it is easy

to damage embryos during manipulation. Embryos can

be cultured in this way for 2 to 4 weeks. Werecommend

using Ficoll in amphibian saline and incubation in 1-1.5

ml without changing the medium.

Advanced embryos (del Pino/Escobar stages 20-25)

hatch from the jelly capsule quite easily. For culture, em-

bryos are placed in a petri dish with full strength MBS.
10% MBSor tap water. The jelly capsule breaks, bell gills

are resorbed into the peribranchial cavity, and embryos

begin to swim as tadpoles. Embryonic growth in culture

always becomes accelerated compared to development in

the pouch. Some embryos develop edema when cultured

at low salt concentrations.

Less efficient methods for the culture of segmenting

eggs and early embryos of G. riobambae are the culture

of embryos in a petri dish filled with MBSand the culture

of embryos in humid chambers. In both cases, embryos
hatch from the jelly capsule in a matter of days, and they

swell and die. Alterations of the developmental pattern

do occur; in particular, development of blood is deficient

(del Pino el al., 1975). Embryos (del Pino/Escobar stages

10-25) tolerate solutions of high ionic strength like 1.5

MBSand 2.0 MBS. However, the jelly capsule bursts and

embryos swell and die in about 10 days. Development is

retarded under those conditions.

Normal development

Development of G. riobambae follows the amphibian

pattern, with several striking differences. Development is

very slow, requiring about 12 h for first cleavage, a week

until gastrulation begins, and another week for the com-

pletion of gastrulation (Elinson and del Pino, 1985). Gas-

trulation results in the formation of a small group of cells,

called the embryonic disc, from which the embryo's body
arises (del Pino and Elinson, 1983). The heart forms an-

terior to the head, and large bell gills develop, which en-

velop the embryo completely (del Pino and Escobar.

1981). Embryos up to del Pino/Escobar stage 17 are un-

pigmented and translucent, so that organ formation can

be easily followed.

A staging table for the period of incubation has been

prepared by del Pino and Escobar (1981), with further

details of cleavage and gastrulation in Elinson and del

Pino ( 1985). Salient features will be mentioned here (Fig.

2). Cleavage results in small animal micromeres and large

vegetal macromeres (stage 5). and the blastula has a trans-

lucent roof (stage 6). The blastopore of gastrulation is hard

Stage 5 Stage 6

Stage 7 Stage 8
Stage 1 1

Stage 13 Stage 18 Stage

Figure 2. Selected del Pino/Escobar stages of Gastrotheca riohamhae

development. The first three cleavage furrows are vertical and cut slowly

through the egg from animal to vegetal (Stage 4). The small, animal

micromeres (Stage 5) become the translucent blastocoel roof ( R) and the

vegetal macromeres remain large (Stage 6). The faint blastoporal lip (B)

forms near the vegetal pole at the start of gastrulation (Stage 7). The lip

is usually impossible to see on living embryos, so the internal movement

of cells along the blastocoel roof is a sign of gastrulation. The blastopore

closes, and the lips become a discrete disc (D) of small cells (Stage 8).

As the archenteron expands, the embryonic disc stretches to form the

archenteric roof, and the whole embryo rotates with respect to gravity.

Neural folds develop from the former disc cells (Stage 1 I ). The embryo

develops a central nervous system, branchial arches, and somites, all

from the disc cells (Stage 13). The branchial arches produce bell gills.

which expand to surround the embryo with vascular sheets (Stage 18).

When the bell gills are dissected away, the characteristic tadpole is revealed

(Stage 19). (Modified from del Pino and Escobar, 1981; Elinson and del

Pino, 1985.)



I tRRl STRIA! -BREEDING FROGS 171

to see because the eggs are white, hut the migration of

cells along the blastocoel roof is a sign of gastrulation

(stage 7). The cells of the closing blastoporal lips form the

embryonic disc (stage 8). which expands with the expan-
sion of the archenteron. The embryo rotates so that the

former disc is uppermost, and neural folds form from the

disc cells (stage 1 1 ). The embryo develops as flat sheets

of tissue with the central nervous system, somites, and
branchial arches clearly visible (stage 13). The bell gills

develop from the branchial arches and envelop the embryo
(stage 18). With the absorption of yolk, the embryo ac-

quires the typical tadpole appearance (stage 19). After

birth, tadpoles can be staged using Gosner's ( 1960) gen-
eralized staging tables for aquatic species. Staging tables

have not been prepared for egg-brooding frogs with direct

development (Table II). These frogs also develop bell gills:

there is partial development of the operculum, and pre-

cocious development of the limbs (del Pino and Escobar,

1981).

Manipulation of embryos

Few attempts have been made to manipulate embryos
of G. riobambae for experimental purposes. Eggs of G.

riobambae are uniformly pale, so that cleavage and gas-

trulation are hard to see in living embryos. By impreg-

nating entire embryos with silver, the outline of cells can

be seen (Kageyama, 1980). An embryo is removed from

the pouch and its jelly coats are removed with forceps or

by rolling the embryo on a piece of moist paper towel.

The presence of air bubbles on the jelly should be avoided

as they interfere with staining. The embryo is immersed,
with agitation, in Stockerd's fixative (5 parts formalin. 4

parts acetic acid, 6 parts glycerol, 85 parts distilled water)

for 10-20 s, and transferred immediately into a bath of

distilled water. Longer fixation periods in Stockerd's fix-

ative result in the rupture of cells. The egg is then placed
in a dilute solution of silver nitrate prepared by adding
one or two drops of a 0.5% stock solution of silver nitrate

to 2 ml distilled water. Higher concentrations of silver

nitrate produce dark staining of the egg. The egg is left in

this solution for 1-2 min. It is washed in distilled water

and exposed in distilled water, over a white background,
to sunlight for a few minutes or until dark color develops.
In the absence of sunlight, embryos can be exposed to the

light of a strong lamp. Stained eggs are stored in 4% neu-

tralized formalin.

Cell movement during cleavage and gastrulation can

be followed by vital staining. Pieces of agar containing
Nile blue sulphate are prepared by dissolving the stain in

agar with boiling. The liquid is dried on a glass plate, and
the resulting film is cut into small pieces. An embryo of

G. riobambae is taken from the pouch, and its outer jelly

removed by rolling the embryo on a piece of moist paper

towel. The embryo is placed in a humid chamber, and

spots of stain are applied to its surface using a piece of

agar like a brush. After a few minutes, the embryo's surface

is stained, and the excess stain, left on the jelly, is removed.

Stained embryos are cultured under vaseline oil, and the

changes in shape of the stain marks can be followed.

Segmenting eggs and embryos can be sectioned serially

after fixation in Smith's fixative, as explained previously.

Body formation and development of bell gills can be fol-

lowed by means of whole mount permanent preparations.

Embryos (del Pino/Escobar stages 11-17) are cut from

the yolk and fixed in Bouin's solution. Embryos are then

stained with borax-carmine and are mounted on a slide.

Eleutherodactylus coqui (Leptodactylidae)

Collection and maintenance 2

Sites and methods of collection. The genus Eleuthero-

dactylus, with more than 400 species, is found from Mex-
ico to northern Argentina and southeastern Brazil, as well

as the West Indies and Florida. Most species have direct

development of terrestrial eggs, but E. jasperi is viviparous

(Drewry and Jones, 1976; Wake. 1978).

Eleutherodactylus coqui is the most commonof sixteen

congeners native to Puerto Rico (Rivero, 1978). The spe-

cies is not available through any biological supplier (cur-

rently, no Eleutherodactylus species is), but must be cap-
tured in its native habitat.

As implied above, E. coqui can be confused with several

other congeners that may occur sympatrically in various

parts of the island. At least two of these species have

threatened or endangered status, so it is important to con-

tact a local herpetologist who is familiar with E. coqui.

2
Collection of any Puerto Rican species of frogs or eggs requires a

permit. Permits can he obtained by writing to Department of Natural

Resources. Apartado 5887. Puerta de Tierra. Puerto Rico 00906.

We urge any biologists interested in collecting frogs in Puerto Rico

for laboratory investigations to contact a faculty member or research

biologist at any of the following institutions to leam the most appropriate

places for collecting without endangering local populations or disrupting

ongoing field studies. Contacts include: Department of Biology. University
of Puerto Rico, Rio Piedras. Puerto Rico; Department of Biology, Uni-

versity of Puerto Rico, Mayaguez, Puerto Rico; and Terrestrial Ecology,
El Verde Field Station, GPOBox 3682, San Juan, Puerto Rico 00936.

The El Verde Field Station is located within the Luquillo Experimental
Division of the Caribbean National Forest. El Verde Field Station is on
the northwestern flanks of El Yunque, one of the principal peaks of the

Luquillo Mountains. The Experimental Forest surrounding the station

at El Verde is strictly for research on the properties and processes of the

rain forest. Eleutherodactylus ait/ni is the most abundant of eight

Eleutherodactylus species that inhabit the forest at El Verde. The station

is open year-round to research biologists as space and scheduling permit.

Information on facilities and research opportunities at the station may
be obtained by writing to the Director of Terrestrial Ecology at the above

address.
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In their native habitat, "coquies" can be collected most

easily during their nocturnal activity period. Males call

from fairly exposed elevated perches and are quite acces-

sible. Females, which are silent, are more difficult to locate.

Females often climb out of reach on wetter nights, so few

may be found near the ground (Stewart, 1985). Daytime

collecting, consisting of searching the leaf litter, is less

productive in terms of adult animals, but may reward the

searcher with a higher incidence of developing clutches

of E. coqiii, usually deposited in the same sort of curled

leaves and rolled petioles of the sierra palm (Prestoea

montana] that frogs use for daytime retreat sites (Town-

send, 1984). Males usually brood their eggs from the time

of oviposition until hatching, or even several days beyond
(Townsend el a/.. 1984).

Although E. coqiii is found at high densities in forested

habitat, it will readily use marginal habitats, including

human-altered ones. Frogs may be collected by searching

areas around houses, gardens, or other human-altered

habitats that have sufficient vertical substrates or vege-

tation on which frogs can perch. Densities in such mar-

ginal habitats may be lower, and females may be more

difficult to locate. An alternative method is to "seed" an

area with small enclosed cavities, such as short pieces of

PVCpipe or short sections of bamboo stems, which mimic

the natural retreat sites of coquies. Frogs will readily use

these for retreats and nest sites if available. Because it

requires some amount of time for frogs to discover these

new sites and then occupy them, such a technique works

best for investigators doing long-term field work or making

repeated visits to the field.

Terraria for laboratory maintenance. Eleittherodactylus

coqiii is an ideal laboratory animal. Individuals of the

species can be easily maintained in captivity for several

years and will breed in laboratory colonies for up to 1.5

years after collection (Townsend, unpub. data).

Coquies will live under a variety of conditions, but in

our experience, healthy colonies are best maintained in

glass aquaria with lids that allow some ventilation. Frogs

can be kept in 12-18 gallon aquaria with screen tops that

have been partially blocked with plastic wrap or some

other transparent waterproof material, the position of

which can be adjusted to mediate relative humidity within

the tank. Although accustomed to an environment with

high relative humidity, coquies do not tolerate well con-

stant humidity near saturation with little or no air ex-

change. Periodic wetting and partial drying of laboratory

aquaria seem to provide the best conditions for main-

taining frogs with maximum vigor and reproductive ca-

pacity.

Frogs should not be kept under crowded conditions. A
rule of thumb is a minimum of 1 .5 gallons of tank capacity

per frog. If the object of the research is to encourage

breeding, the investigator will want to maximize the

number of males and females that can interact while

avoiding possible inhibition of calling by males that are

too closely spaced. Males maintain a certain minimum
nearest neighbor distance in the field, below which they

will challenge one another acoustically, or one will stop

calling. In such situations, it would be better to keep frogs

in larger aquaria or tanks.

Contents of holding tanks may vary, but must include

at least two items: one site per frog to be used as a protected

daytime retreat site, and a source of water for rehydration.

Pieces of 1
-

1 .5 inch diameter PVCpipe or plexiglass tub-

ing, cut into 3-8 inch lengths, serve as excellent retreat

sites. Frogs readily adopt these as retreat sites, and males

will nest in them as well. If placed in a more or less vertical

position in the aquarium, these also serve as elevated perch

sites. This species spends a good deal of its active nocturnal

period perched above the ground. It is unnecessary to

provide standing water for coquies. Several petri dishes

or finger bowls filled with sand, gravel, or a soil mixture

that will hold water should be placed in each aquarium.

Frogs will sit in these at night and take up water through

their ventral abdomen. The bottom of the aquarium may
be covered with gravel, sand, or soil to serve as an absor-

bent medium for urine and a source of water vapor to

maintain appropriate humidity within the aquarium. If

frogs are to be maintained at fairly low densities, the

aquarium may be lined with moss or planted, but such

an arrangement makes periodic cleaning difficult. If

maintained at higher densities, it is best to cover the bot-

tom with a medium that is more easily cleaned, such as

sand or gravel and to add potted plants. Frogs will climb

the pots and perch in the potting soil or leaves of the

plants. It is best not to have standing water in the aquarium
bottom. When holding tanks are too wet, either from ex-

cessive standing water or stagnant, saturated air, frogs can

become edematous, especially in the thighs. This leads to

loss of vigor and in some cases, death.

Feeding. Feeding of adult frogs is straightforward. All

adults readily eat domestic crickets (Acheta domesticus)

if the crickets are alive and active. At temperatures be-

tween 20-25C, an individual frog need be fed only 3-4

adult crickets per week. Werecommend that crickets be

dusted with a mineral or vitamin supplement twice a

month to cover possible dietary deficiencies from such a

highly restricted diet. Frogs do not feed well on meal-

worms, and Drosophila are generally too small and active

to serve as a good food source. Unlike Gastrotheca, co-

quies cannot be trained to take non-moving food.

Hatchling froglets average 6 mmin size and are ex-

tremely difficult to maintain, principally because of dif-

ficulty with feeding. Drosophila are actually too large, and

even wingless forms will hop about too rapidly for the

young to catch. A large portion of the diet of these tiny

froglets in the wild consists of tiny arthropods including
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ants, arachnids, beetles, and probably collembolans, all

less than 3 mmin length (Townsend, 1985). We have

been marginally successful with feeding very small Col-

lembola (springtails), but colonies of these insects can be

difficult to maintain at sufficient densities to provide a

long-term constant food supply.

Reproductive behavior. Because developmental studies

may be concerned with very early development, it is im-

portant to know the schedule of events around fertilization

in E. coqui. This species practices internal fertilization

(Townsend ct ul.. 1981). Consequently, eggs are already

fertilized and on their way to first cleavage by the time of

egg laying (Elinson. 1987b). Fertilization seems to occur

1-3 h prior to egg laying. By observing the mating and

courtship behavior of E. coqui. the investigator can iden-

tify with some precision when fertilization is taking place

and can be alert for the appearance of eggs or be able to

sacrifice females to obtain eggs before laying.

Nocturnally active, male coquies give advertisement

calls to attract gravid females. Calling starts shortly after

dusk and often continues into the early morning. In the

field, a gravid female approaches a calling male, usually

before midnight, and makes contact with him. The male

then leads the female to a prospective nest site. If the

female enters and remains in the nest site, the pair remain

in contact, with the female beneath the male although

she is never clasped by him. After 5.5-7.5 h, they adopt

a unique position in which the female, while still beneath

the male, places her hind legs on top of his (Townsend
and Stewart, 1986a). The adoption of this unique "reverse

hind leg clasp" (Fig. 3) is a valuable cue to the investigator

that the female will soon ovulate, usually within an hour.

Males probably inseminate females soon after adoption

of the reverse hind leg clasp as well. Ovulation seems to

involve major body spasms, culminating in abdominal

contractions by the female. These can continue for over

two hours before the first eggs are actually laid. It is during

the prelaying period of spasms and contractions that

freshly fertilized eggs may be obtained by anesthetizing

the female and dissecting the eggs from her ovisac, a com-

mon junction of the paired oviducts. Because of the long

interim period between the female's entry into the nest

site and adoption of the reverse hind leg clasp by the pair,

it is possible to anticipate laying with some accuracy. Egg

laying usually occurs within 8.5-12 h of the pair initially

entering the nest, and within 2-3 h of adoption of the

reverse hind leg clasp. Because initial contact between a

calling male and a gravid female typically occurs during

midevening. egg laying usually occurs conveniently be-

tween 7 am and noon the following morning. The inves-

tigator just has to check the male retreat sites each morning
to see if there will be freshly fertilized eggs that day.

Under ideal laboratory conditions, a female coqui pro-

duces a clutch of about 40 eggs every 5-8 weeks. Females

Figure 3. Reverse hind leg clasp during amplexus in Eleuthemdac-

M'/H.V coqui. This unusual position, with the female's legs on top of the

male's legs, is a sign that egg-laying will soon begin. (Drawn from pho-

tograph in Townsend and Stewart, 1986a.)

only deposit clutches following courtship with calling

males; attempts to trigger ovulation by injection of hCG
or other gonadotropins have not been successful. It ap-

pears that ovulation requires the appropriate sensory sig-

nals derived from some aspect of courtship, amplexus, or

internal fertilization.

Culture of embryos

The male broods the eggs for about three weeks during

which time the eggs develop to hatched froglets (Townsend

et ai. 1984). The clutch can be removed from the male

and his nest site, however, and raised in several ways. A

typical culturing method is to place the eggs on absorbent

filter paper soaked with spring water in a closed Petri dish.

Eggs undergo normal development as long as the filter

paper is kept wet, and temperatures are maintained at

2 1-25C. Embryos are staged according to Townsend and

Stewart (1985).

While development is excellent under these conditions,

the embryos are enclosed in their jelly capsules and are

not accessible to experimental manipulation. For exper-
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imental purposes, embryos can he cultured in water (Lynn
and Peadon. 1955) or in 20% Steinberg's solution (Elinson.

1987b). Jellied embryos are submerged in 20% Steinberg's,

and the outer and middle jelly layers are removed with

watchmaker's forceps. Embryos with intact jelly show re-

tarded development, possibly because of reduced gas ex-

change. It is initially difficult to remove the fertilization

envelope and inner jelly layer, but it becomes easy to do

so by Townsend/Stewart stage 7. The embryos continue

to develop in 20% Steinberg's until Townsend/Stewart

stages 14-15 when they are allowed to crawl onto land.

Development of embryos from most clutches occurs

normally in 20% Steinberg's, although embryos in some

clutches develop edema around Townsend/Stewart

stage 7.

Normal development

Eleutherodactylus coqui lends itself to the study of de-

velopment because of several features. Eggs are large, av-

eraging 4 mm, and are virtually unpigmented for the first

two-thirds of development. Many internal features, in-

cluding the cardiovascular system, nervous system, the

development of eyes and ears, and the formation of en-

dolymphatic calcium deposits, are clearly visible in the

rather translucent embryo (Townsend and Stewart, 1985).

Developmental studies have been conducted on several

Eleutherodactylus species, including studies by Sampson
(1904), Lynn (1942), Gitlin (1944), Lynn and Lutz (1946,

1947), Coin (1947). Jameson (1950), Hughes (1959,

1962), Adamson el al. (1960). Chibon (1960), Valett and

Jameson ( 1961 ), Wake (1978), and Townsend and Stewart

(1985). Detailed histological descriptions of organ for-

mation are provided by Lynn (1942), Adamson et al.

(1960). and Chibon (1962).

Unlike the many normal tables available for Rana spe-

cies, A". Uievis, and other species with typical embryonic

development followed by a free-living larval stage, there

are few detailed tables for direct developing anurans. As

a first attempt at a general staging scheme to characterize

gross external changes in morphology. Townsend and

Stewart (1985) proposed a 15-stage scheme that covers

development from fertilization to hatching in approxi-

mately equal time intervals. This normal table was de-

signed with field studies in mind, so it provides only three

stages for the period from fertilization to neurulation. A
generalized table for aquatic species (Gosner, 1960) can

be used for the preneurula stages. A synopsis of the most

distinctive aspects of each of the Townsend/Stewart stages

will be mentioned here (Fig. 4).

Stages 1 and 2 cover blastulation and gastrulation. re-

spectively. As with G. riobambae and other large-egged

amphibians, the blastocoel roof of the E. coqui embryo
is translucent. Unlike G. riohamhae. a large, prominent

Stage 2 Stage 2/3 Stage 3

Stage 4 Stage 5 Stage 6

Stage 7 Stage 9

Stage 11 Stage 12 Stage 12

Figure 4. Selected Townsend/Stewart stages of Elculherodaclylus

c/iiini development. Gastrulation (Stage 2. lateral view; Gosner Stage 10)

is marked by a prominent dorsal lip (DL) of the blastopore, similar to

frogs with aquatic development. The embryo, however, is all white with

a translucent blastocoel roof (R). A dorsal view of a late gastrula/early

neurula (Stage 2/3: Gosner Stage 13) shows the neural plate (NP). an

almost closed blastopore (B). and a clear window of uncovered blastocoel

roof. Different shades of white allow one to distinguish the neural plate,

the rest of the archenteric roof, and the advancing edge of the archenteron.

The neurula (Stage 3; Gosner Stage 15) has clear neural folds (NF). Front

and hind limb buds (FLB, HLB) form rapidly (Stage 4), and gill buds

(GB) become visible (Stage 5). White endolymphatic calcium deposits

(ECD) mark Stage 6. The pigmented body wall advances over the yolky

cells, the ECDenlarge, and the digits become distinct (Stages 7. 9. 11.

12). The embryo, in its jelly capsule, has a vascularized paddle-shaped

tail wrapped around its body to provide a respiratory surface. (Modified

from Townsend and Stewart. 1985.)

dorsal lip of the blastopore indicates the start of gastru-

lation in E. coqui. The presence of a neural plate and

neural folds indicates the onset of stage 3. These first three

stages take 3-4 days in E. coqui compared to about 2-3

weeks for the comparable development in 6'. riobambae.

Stage 4 is distinguished by the paired appearance of

pimple-like swellings on the surface of the yolk lateral to

the neural tube. These are incipient limb buds. Stage 5 is

indicated by early limb buds clearly attached to the main

trunk and by the initiation of gill buds. Stage 6 is marked

by the first appearance of pigment in the eyes and the first

evidence of endolymphatic calcium deposits (ECD) as



TERRESTRIAL-BREEDING FROGS 175

paired points of pure white material lateral to the junction

of midbrain and hindhrain. In stage 7, elbow and knee

joints are first evident, and the single pair of gills exhibit

their maximum development. Gills are never covered by

an operculum in this frog. In stage 8. embryos exhibit the

first signs of digits, particularly on hind limbs, and ECD
are quadrangulai patches with slight anterolateral exten-

sions. From stage 6 to stage 9, the head and trunk of the

developing embryo slowly gain pigment. By stage 9, a

moderately pigmented body wall surrounds approxi-

mately 'A of the large yolk supply. Also by stage 9, the

single pair of gills has disappeared from external view.

Stage 10 is marked by eyes with completely darkened irises

while the pupils are still clear. The ECDextend antero-

laterally to the rear of the eye but are still separated by a

gap medially, and a pigmented body wall surrounds '/:>-

%of the yolk. In stage 1 1 embryos, toes reach about half

of their final length and the pigmented body wall finishes

enclosing the yolk reserve. Stage 12 is a longer period,

during which the ECDarticulate at the embryo's midline

and form a broad, shallow U with somewhat broadened

base and spread arms. The pigmented body wall com-

pletely encloses the yolk, and the pigmentation wall is

heavy enough to begin obscuring the ECDat this stage.

Stage 1 3 is marked by full length toes with slight swellings

at their tips indicative of incipient toe discs. The first ev-

idence of pigmented eyelids appears, and the initial

regression of the unpigmented tail begins. Stage 14 em-

bryos possess toes with full toe discs, eyes with adult col-

oration (iris golden-brown above, bronze-brown below,

pupil black), and clear banding patterns on the hind legs.

Coqui eggs may hatch anytime during stage 15. Em-

bryos at this stage possess full coloration, including any
of several distinct pattern morphs exhibited by the species.

The remains of the ECDare completely masked by dorsal

pigmentation. A bifurcate, black egg tooth at the sym-

physis of the upper jaw, first evident in stage 12 or 13. is

apparently used by the froglet to rupture the egg mem-
brane and hatch.

Development at 25C requires approximately 17 days

(Townsend and Stewart, 1986b). Hatchlings average 6 mm
in length, and possess a tail remnant that requires up to

two days to resorb after hatching. The large yolk reserve

usually lasts for up to a week.

Manipulation of embryos

The normally terrestrial embryos ofEleutherodactylus

can be cultured in water or in simple salt solutions as

described earlier. This permits various experimental ma-

nipulations such as surgery or chemical treatments which

would otherwise be very difficult.

For instance, Lynn and Peadon (1955) were interested

in the role of thyroxine in the development of E. marlini-

ccnsix, a direct developer like E. coqui. Thyroxine causes

metamorphosis from tadpoles to adults in frogs with

aquatic development. Embryos were freed from the jelly

and fertilization membrane at Townsend/Stewart stages

6-7. and cultured in tap water with either thyroxine or

phenylthiourea, a thyroid inhibitor. Thyroxine caused

regression of the tail and degeneration of the pronephros.

Limb development, however, was not under thyroid con-

trol as it is in metamorphosing amphibians. It is clear that

thyroxine and other chemicals given exogeneously can

enter these embryos.

Surgery is also possible. Hughes (1962) transplanted

limb buds between embryos of E. martinicensis to see the

interaction between the developing limb and the nervous

system. Embryos as early as Townsend/Stewart stage 6

were removed from their jelly capsules and initially cul-

tured in the capsular fluid. A limb bud was cut from one

embryo and grafted via a small incision to a second em-

bryo. After the operation, the embryo was allowed to heal

for a day in Holtfreter's solution (approximately equiv-

alent to 100% Steinberg's). Thereafter the embryo was

cultured in water.

From these limited experiences, it appears easy to ex-

periment on embryos older than Townsend/Stewart stage

6. Whether earlier embryos can be manipulated depends

very much on whether they can be removed from the jelly

capsule without injury. A second difficulty is that the early

embryo may require the structural support provided by
the jelly capsule. The use of dishes with an agar base or

tilled with Percoll (Pharmacia), a high density, low tonicity

solution, may permit culturing of early embryos without

jelly.

Conclusions

Terrestrial-breeding frogs provide opportunities for

analysis by both developmental and evolutionary biolo-

gists (Elinson, 1987a, 1990). Obvious comparative and

evolutionary questions include:

a. How does large egg size affect early development?
b. How are reproductive adaptations, such as the fe-

male's pouch or the male's brooding behaviour, controlled

hormonally?
c. What is the cellular and hormonal basis of direct

development, an ontogeny without metamorphosis?
d. How did the different reproductive and develop-

mental patterns evolve?

Beyond these questions, embryos from terrestrial-

breeding frogs would be ideal for examining certain de-

velopmental problems. For instance, the translucent blas-

tocoel roof in both G. riobambae and E. coqui would

allow the migration of internal cells during gastrulation

to be followed in intact embryos. The early development
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of large limb buds in E. cot/id would permit the analysis

of pattern formation in limbs. Finally, the eggs and em-

bryos themselves present unique questions for cell and

developmental biologists. Certainly the formation of oo-

cytes with hundreds of nuclei and the controlled degen-

eration of them is an intriguing problem for the future.

In this article, we have described how to obtain eggs

and embryos for the laboratory investigation of the un-

usual ontogenies found in these frogs. While these recipes

permit the investigator to work in Europe or North

America, we would urge that anyone interested in these

and other such anurans, travel to their country of origin.

This would not only allow the observation of the animals

in their native habitats, but would also promote the in-

teraction between scientists from temperate and tropical

zones.
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